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ELECTROSTATIC DISCHARGE PROTECTION 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to electro 
static discharge (ESD) protection of electronic devices. 

BACKGROUND 

[0002] Electronic devices, e.g., digital cameras, docking 
stations, printers, computers, handheld appliances, scanners, 
etc., are susceptible to electronic component disruption by 
the introduction of ESD events, commonly referred to as 
static electricity discharges. ESD events are generally in the 
range of several or even tens of thousands of volts per 
discharge. While each discharge is extremely short in dura 
tion, such potential differentials can cause disruptions to 
electronic devices such as loss of memory, device reset or 
even irreparable physical damage through the fusing or 
rupture of device components. To avoid such disruptions, 
many devices contain some form of ESD suppression to 
protect internal components from a received discharge. 

[0003] One method of ESD suppression involves adding 
components betWeen the ESD introduction path and the 
ground plane. Common ESD suppression components 
include diodes, Zener diodes, resistors and capacitors to 
route or direct any electrical surge aWay from the protected 
components. HoWever, these components remain an active 
portion of the circuitry. As such, ESD suppression in this 
manner can impair performance of the protected circuitry or 
otherwise lead to signal loss. 

[0004] Another method of ESD suppression is to place a 
spark gap betWeen the ESD introduction path and a ground 
plane. The spark gap is typically designed for a threshold or 
breakdoWn voltage such that discharges exceeding this 
voltage arc across the gap and are conducted to ground. Such 
methods of ESD suppression have been incorporated onto 
printed circuit boards (PCBs). HoWever, it is challenging to 
maintain tight tolerances in the separation betWeen the 
introduction path and the ground plane. Designers may thus 
specify a separation that is larger than desired in order to 
avoid shorting the introduction path to the ground plane. 
Larger separations lead to higher breakdoWn voltages, 
Which may limit the protection provided. 

[0005] For the reasons stated above, and for other reasons 
stated beloW that Will become apparent to those skilled in the 
art upon reading and understanding the present speci?cation, 
there is a need in the art for alternative apparatus for 
suppression of ESD events. 

SUMMARY 

[0006] The various embodiments described herein facili 
tate protection of electronic devices. The various embodi 
ments include one or more electrostatic discharge (ESD) 
elements. The ESD element includes a pair of spark gaps 
betWeen a ?rst side and second side of the ESD element. The 
?rst side of the ESD element includes a peaked portion and 
a substantially planar portion. The second side of the ESD 
element includes a peaked portion opposite the substantially 
planar portion of the ?rst side and a substantially planar 
portion opposite the peaked portion of the ?rst side. This 
asymmetry facilitates use of peaked emitters regardless of 
the polarity of the charge applied to the ESD element While 
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further facilitating the use of more optimiZed receiver sur 
faces opposite the emitters. Embodiments of the invention 
include apparatus of varying scope. 

DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1A is a block diagram shoWing the use of an 
ESD element in accordance With an embodiment of the 
invention. 

[0008] FIG. 1B is a schematic of a device interface in 
accordance With an embodiment of the invention for cou 
pling betWeen a ?rst electronic device and a second elec 
tronic device. 

[0009] FIG. 2 is a schematic of a ?rst node as an emitter 
having an applied charge and a second node as a spherical 
conducting receiver having an induced surface charge oppo 
site the emitter. 

[0010] FIG. 3A is a planar vieW of an electrostatic dis 
charge element in accordance With an embodiment of the 
invention. 

[0011] FIG. 3B is a planar vieW of a portion of an 
electrostatic discharge element in accordance With another 
embodiment of the invention. 

[0012] FIG. 4 is a planar vieW of a printed circuit board 
containing multiple electrostatic discharge elements sharing 
a single second node. 

DETAILED DESCRIPTION 

[0013] In the folloWing detailed description of the present 
embodiments, reference is made to the accompanying draW 
ings that form a part hereof, and in Which is shoWn by Way 
of illustration speci?c embodiments in Which the invention 
may be practiced. These embodiments are described in 
suf?cient detail to enable those skilled in the art to practice 
the invention, and it is to be understood that other embodi 
ments may be utiliZed and that process, electrical or 
mechanical changes may be made Without departing from 
the scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims and equivalents thereof. 

[0014] The various embodiments described herein facili 
tate protection of electronic devices. The various embodi 
ments include one or more electrostatic discharge (ESD) 
elements, e.g., ESD element 300 of FIG. 3A. The ESD 
element includes a pair of spark gaps, e.g., spark gap 308 
and spark gap 309 of FIG. 3A. 

[0015] FIG. 1A is a block diagram shoWing the use of an 
ESD element 100 in accordance With an embodiment of the 
invention. The ESD element 100 is coupled betWeen a 
conductor 115 and a ground plane 125 to protect electronic 
components 122 of an electronic device. The conductor 115 
represents the ESD introduction path and may be, e.g., a 
conductor for an externally-applied I/O (input/output) signal 
or poWer signal for the protected components 122. The 
conductor 115 is coupled to the protected components 122 
through a conductor 120 While the protected components 
122 are coupled to a ground plane 125 through a conductor 
123. The ESD element 100 includes a ?rst node 105 for 
coupling to the conductor 115 and a second node 110 for 
coupling to the ground plane 125 through a conductor 112. 
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Although conductor 120 is depicted in FIG. 1A as being 
outside the ESD element 100, the coupling betWeen con 
ductors 115 and 120 may occur Within the ESD element 100 
including coupling at the ?rst node 105. Aspark gap pair 107 
is de?ned by the separation of the ?rst node 105 from the 
second node 110 as Will be described in detail herein. Such 
gap pairs 107 are typically on the order of approximately 0.1 
mm. 

[0016] The ESD element 100 provides ESD suppression 
to the protected components 122 by providing an alternate 
discharge path for potentials applied to the conductor 115 
that eXceed the breakdown voltage of the ESD element 100. 
As Will be described herein, potentials eXceeding the break 
doWn voltage may be of either polarity. If a potential is 
applied to the conductor 115 that eXceeds the breakdown 
voltage, arcing occurs betWeen the nodes 105 and 110, 
creating a discharge path betWeen the conductor 115 and the 
ground plane 125 through the ESD element 100. The static 
charge imbalance betWeen the conductor 115 and the ground 
plane 125 Will be equilibrated across the ESD element 100, 
removing the possibly damaging potential from the pro 
tected components 122. 

[0017] For one embodiment, the ESD element 100 is part 
of an interface betWeen electronic devices. For example, a 
handheld computer, digital camera, personal digital assistant 
(PDA) or other electronic device may utiliZe a docking 
station or cable to interface to a personal computer. FIG. 1B 
is a schematic of a device interface 132 for coupling betWeen 
a ?rst electronic device 142 and a second electronic device 
152, With the desired signal from the ?rst electronic device 
142 to conductor 115 to conductor 120 to the second 
electronic device 152. The device interface 132 contains an 
ESD element 100 in accordance With an embodiment of the 
invention for coupling betWeen the conductors 115 (or 120) 
and a ground plane 125. The conductors 115 and 120 are 
adapted for electrical communication betWeen the devices 
142 and 152. Such communication may include passing 
electrical signals betWeen the tWo devices 142 and 152, such 
as control signals or data signals, or providing supply or 
ground potentials from one device to the other. For one 
embodiment, the ground plane 125 is part of the device 
interface 132 as shoWn in FIG. 1B. Alternatively, the ground 
plane 125 may be provided by either electronic device 142 
or 152. For a further embodiment, the device interface 132 
is a part of one of the electronic devices 142 or 152. For 
eXample, an electronic device 142 having a connector for 
coupling to another electronic device 152, either directly or 
through an intermediary cable or docking station, may 
include the ESD element 100 Within the electronic device 
itself. 

[0018] As noted herein, a spark gap operates by providing 
an alternate discharge path for an electrostatic discharge. 
Because the spark gap is normally an open circuit, it has 
little detrimental affect on the protected circuitry. For the 
spark gap to become a closed circuit, electrical breakdoWn 
must occur betWeen one node, an emitter, and the other 
node, a receiver. FIG. 2 is a schematic of a ?rst node 206 as 
an emitter having an applied charge 221 (Q) and a second 
node 211 as a spherical conducting receiver having an 
induced surface charge 226 (o) opposite the emitter 206. 
Pointed or peaked emitters are preferred for producing 
strong localiZed ?elds because the emitter itself shields its 
surface charges. 
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[0019] For breakdoWn to occur across the breakdoWn path 
216, the electric ?eld at the emitter 206 must reach a 
critical value. The electric ?eld includes contributions of the 
applied charge 221 and the induced charge 226. For a given 
applied charge 221 and separation 231, increasing diameters 
of the spherical receiver 211 generally lead to increasing 
values of induced surface charge 226. As the electric ?eld at 
the emitter 206 includes contributions of both the applied 
charge 221 of the emitter 206 and the induced surface charge 
226 of the receiver 211, it is preferable that the emitter 206 
is peaked and the receiver 211 is substantially ?at or planar. 
Such Will facilitate loWer breakdoWn voltages at a given 
separation 231. HoWever, if the polarities of the applied 
charge 221 and the induced surface charge 226 Were to be 
reversed, the geometries of the ?rst node 206 and the second 
node 211 Would be less desirable. 

[0020] FIG. 3A is a planar vieW of an ESD element 300 
in accordance With an embodiment of the invention. For one 
embodiment, the ESD element 300 is formed on a printed 
circuit board (PCB), such as by standard copper plating 
techniques. The ESD element 300 includes a ?rst node 305 
having a conductor 315 for receiving applied signals, such 
as externally-applied control signals, data signals or poWer 
signals. For one embodiment, the conductor 315 is coupled 
to a pin, line or other conductor of a cable, port, jack or other 
connector for coupling to a mated electronic device. Such 
connectors may be industry-standard connectors, such as 
RS-232, RJ-45, universal serial bus (USB), etc. Alterna 
tively, such connectors may be proprietary connectors hav 
ing some non-standard arrangement of conductors. 

[0021] The ?rst node 305 may further include a conductor 
320 for coupling to protected components 122 (not shoWn in 
FIG. 3A). As noted With reference to FIG. 1A, the conduc 
tor 320 need not be part of the ?rst node 305, but may be 
coupled to conductor 315 at some prior point. HoWever, 
placing the conductor 320 at or near the ?rst node 305 is 
preferred as it tends to reduce the risk of eXposing an 
excessive voltage to the protected components. For one 
embodiment, the conductor 320 is a via of the PCB, pro 
viding communication to a side of the PCB opposite the side 
containing the ?rst node 305. HoWever, the conductor 320 
may be adapted to provide coupling of the ?rst node 305 to 
protected components 122 from the same side of the PCB. 
Similarly, the conductor 315 may be coupled to the ?rst node 
305 through the via 320 from the underside of the PCB. 

[0022] For one embodiment, the conductor 320 is coupled 
directly to protected components 122. For another embodi 
ment, the conductor 320 is coupled to a pin, line or other 
conductor of a cable, port, jack or other connector for 
coupling to mated electronic devices, similar to the conduc 
tor 315. For embodiments Where conductors 315 and 320 are 
each coupled to connectors, the connectors may be of the 
same type or of different types, dependent only upon the 
design requirements for coupling the ESD element betWeen 
tWo desired electronic devices. 

[0023] The ?rst node 305 further includes a peaked por 
tion 325 for a charge emitter and a substantially planar 
portion 335 for a charge receiver. The peaked portion 325 
eXtends beyond the substantially planar portion 335 toWard 
a substantially planar portion 350 of a second node 310. The 
substantially planar portion 350 can act as a charge receiver. 
The second node 310 further includes a peaked portion 340 
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for a charge emitter extending beyond the substantially 
planar portion 350 toWard the substantially planar portion 
335 of the ?rst node 305. 

[0024] The peaked portion 325 extends beyond a midline 
365 of a distance 370 measured betWeen the apex 330 of the 
peaked portion 325 and the apex 345 of the peaked portion 
340. Each peaked portion terminates in an apex having a 
reversal of slopes from one side of the apex to the other, i.e., 
the apex de?nes a narroWed or pointed end of the peaked 
portion. The point of closest contact betWeen the peaked 
portion 325 and the second node 310 occurs at the substan 
tially planar portion 350 generally opposite the apex 330 and 
is represented by distance 355. The space betWeen the 
substantially planar portion 350 and the apex 330 generally 
de?nes a spark gap 308 for a breakdoWn path from the ?rst 
node 305 to the second node 310. 

[0025] The point of closest contact betWeen the peaked 
portion 340 and the ?rst node 305 occurs at the substantially 
planar portion 335 generally opposite the apex 345 and is 
represented by distance 360. The space betWeen the sub 
stantially planar portion 335 and the apex 345 de?nes a 
spark gap 309 for a breakdoWn path from the second node 
310 to the ?rst node 305. 

[0026] For one embodiment, the distances 355 and 360 are 
equal such that the breakdoWn voltage Will be the same 
regardless of the polarity of a charge applied to the conduc 
tor 315. For another embodiment, the distances 355 and 360 
are different such that the breakdoWn voltage for one polar 
ity Will differ from the breakdown voltage of an opposite 
polarity. The distances 355 and 360 can be varied by the 
designer to de?ne the breakdoWn voltage for the emitters 
325 and 340, respectively, but are generally on the order of 
approximately 0.1 mm for typical ESD suppression require 
ments. 

[0027] While the substantially planar portions 335 and 350 
are preferably ?at, i.e., relatively large radius of curvature, 
they need not be. HoWever, the portion 325 of the ?rst node 
305 must extend closer to the portion 350 of the second node 
310 than does the portion 335, While the portion 340 of the 
second node 310 must extend closer to the portion 335 of the 
?rst node 305 than does the portion 350. This asymmetry 
facilitates use of peaked emitters regardless of the polarity of 
the charge applied to the conductor 315 While further 
facilitating the use of more optimiZed receiver surfaces. 
Mobile charge carriers preferentially travel from a peaked 
portion 325 or 340 of one node to its associated substantially 
planar portion 350 or 335, respectively, on the opposing 
node. 

[0028] The peaked portions of FIG. 3A may be generally 
described as triangular or angular convex shapes. While it is 
preferred that the apex of a peaked portion end in a point, 
such as the intersection of tWo lines, the realities of indus 
trial fabrication techniques make such a preferred apex 
unlikely. Accordingly, the apex or other features of the 
peaked portions may have curved or rounded pro?les. 

[0029] FIG. 3B is a planar vieW of a portion of an ESD 
element 300 in accordance With another embodiment of the 
invention. As shoWn in FIG. 3B, the substantially planar 
portions 335 and 350 of the nodes 305 and 310, respectively, 
are not ?at, but are convex pro?les. Although not shoWn, the 
substantially planar portions 335 and 350 may be concave 
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pro?les or some complex pro?le containing ?at, convex 
and/or concave components. The peaked portions 325 and 
340 in FIG. 3B utiliZe a more complex angular convex 
pro?le than What is shoWn in FIG. 3A. Other pro?les 
terminating in an apex may also be used. 

[0030] The substantially planar portion 350 has a height 
375 measured from its loWest point facing the opposing 
node 305 to its highest point facing the opposing node 305. 
The substantially planar portion 335 has a height 385 
measured from its loWest point facing the opposing node 
310 to its highest point facing the opposing node 310. The 
peaked portion 340 has a height 380 measured from the 
loWest point of its adjacent substantially planar portion 350 
facing the opposing node 305 to the apex of the peaked 
portion 340. The peaked portion 325 has a height 390 
measured from the loWest point of its adjacent substantially 
planar portion 335 facing the opposing node 310 to apex of 
the peaked portion 325. 

[0031] A point on a substantially planar portion that is 
facing the opposing node is a point from Which a tangent 
Will extend betWeen the apex of the peaked portion of the 
opposing node and substantially planar portion itself. For 
example, point 352 is a point of the substantially planar 
portion 350 facing the opposing node 305 as its tangent 354 
passes betWeen the substantially planar portion 350 and the 
apex of the peaked portion 325. HoWever, point 357 is not 
a point of the substantially planar portion 350 facing the 
opposing node 305 as its tangent 359 does not pass betWeen 
the substantially planar portion 350 and the apex of the 
peaked portion 325. 

[0032] The heights 375 and 385 are preferably less than 
the distance of separation of their respective spark gaps 309 
and 308 (see, e.g., distances 355 and 360 of FIG. 3A). For 
one embodiment, the heights 375 and 385 are each less than 
half of the distance of separation of their respective spark 
gaps 309 and 308. In addition, the heights 380 and 390 are 
preferably several times greater than the heights 375 and 
385, respectively. For one embodiment, the heights 380 and 
390 are at least ?ve times the heights 375 and 385, respec 
tively. For another embodiment, the heights 380 and 390 are 
approximately one order of magnitude, or more, greater than 
the heights 375 and 385, respectively. 

[0033] While the ESD element 300 may be used for a 
single conductor providing one signal path, it is common for 
electronic devices to utiliZe multiple conductors in their 
couplings for the parallel communication of multiple sig 
nals. FIG. 4 is a planar vieW of a PCB 400 containing 
multiple ESD elements With individual ?rst nodes 405a-a' 
for receiving multiple applied electrical signals across con 
ductors 415a-a'. The conductors 415a-a' are coupled to 
conductors 420a-a' for providing the desired signal path to 
the protected components (not shoWn in FIG. 4). For the 
embodiment depicted in FIG. 4, each conductor 420 is 
coupled to its respective conductor 415 at a ?rst node 405. 
Each ?rst node 405 has a peaked portion 425 and a sub 
stantially planar portion 435. The second node 410 is 
contiguous in FIG. 4 and shared With each ?rst node 405. 
HoWever, each ?rst node 405 could alternatively be associ 
ated With a separate second node. 

[0034] As depicted in FIG. 4, the second node 410 
includes multiple peaked portions 440 and substantially 
planar portions 450. The peaked portions 440 of the second 
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node 410 are opposite substantially planar portions 435 of 
the ?rst nodes 405. The substantially planar portions 450 of 
the second node 410 are opposite peaked portions 425 of the 
?rst nodes 405. The second node 410 acts as the ground 
plane and its coupling to ground Will vary depending upon 
its intended use. For example, if the PCB 400 is a portion of 
an electronic device, the second node 410 may be coupled 
to a ground node of the electronic device or an external 
ground node. If the PCB 400 is a portion of a device 
interface, the second node 410 may be coupled to a ground 
node Within the device interface. Alternatively, the second 
node 410 may be coupled to a conductor of the device 
interface that is adapted for coupling to a ground node of one 
or more of the electronic devices to Which the device 
interface is adapted to connect. 

What is claimed is: 
1. An electrostatic discharge elernent, comprising: 

a ?rst side of the electrostatic discharge elernent cornpris 
ing a peaked portion and a substantially planar portion; 

a second side of the electrostatic discharge elernent corn 
prising a peaked portion opposite the substantially 
planar portion of the ?rst side and a substantially planar 
portion opposite the peaked portion of the ?rst side; 

a ?rst spark gap betWeen the peaked portion of the ?rst 
side and the substantially planar portion of the second 
side; and 

a second spark gap betWeen the peaked portion of the 
second side and the substantially planar portion of the 
?rst side. 

2. The electrostatic discharge element of claim 1, Wherein 
a separation betWeen the substantially planar portion of the 
?rst side and the peaked portion of the second side at their 
point of closest contact is approximately equal to a separa 
tion betWeen the substantially planar portion of the second 
side and the peaked portion of the ?rst side at their point of 
closest contact. 

3. The electrostatic discharge element of claim 1, Wherein 
each substantially planar portion is approximately ?at. 

4. The electrostatic discharge element of claim 1, Wherein 
a height of a substantially planar portion is less than a 
separation distance of its associated spark gap. 

5. The electrostatic discharge element of claim 4, Wherein 
a height of each peaked portion is at least ?ve times a height 
of its adjacent substantially planar portion. 

6. An electrostatic discharge elernent, comprising: 

a ?rst node comprising a substantially angular convex 
portion adjacent a substantially planar portion; and 

a second node comprising a substantially angular convex 
portion adjacent a substantially planar portion; 

Wherein the substantially angular convex portion of the 
?rst node is opposite the substantially planar portion of 
the second node; and 

Wherein the substantially angular convex portion of the 
second node is opposite the substantially planar portion 
of the ?rst node. 

7. The electrostatic discharge element of claim 6, Wherein 
features of the substantially angular convex portions are 
rounded. 

8. The electrostatic discharge element of claim 6, Wherein 
an apex of the substantially angular convex portion of the 
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?rst node extends beyond the substantially planar portion of 
the ?rst node toWard the second node and beyond a rnidline, 
Wherein an apex of the substantially angular convex portion 
of the second node extends beyond the substantially planar 
portion of the second node toWard the ?rst node and beyond 
the rnidline, and Wherein the rnidline is measured betWeen 
the apex of the substantially angular convex portion of the 
?rst node and the apex of the substantially angular convex 
portion of the second node. 

9. An electrostatic discharge elernent, comprising: 

a ?rst node having a ?rst portion extending beyond a 
second portion; and 

a second node opposing the ?rst node and having a ?rst 
portion extending beyond a second portion; 

Wherein a closest point of the ?rst portion of the ?rst node 
to any point on the second node occurs at the second 
portion of the second node; and 

Wherein a closest point of the ?rst portion of the second 
node to any point on the ?rst node occurs at the second 
portion of the ?rst node. 

10. The electrostatic discharge element of claim 9, 
Wherein each ?rst portion is peaked and each second portion 
is substantially ?at. 

11. The electrostatic discharge element of claim 10, 
Wherein each ?rst portion has a rounded apex. 

12. The electrostatic discharge element of claim 9, 
Wherein a height of a second portion is less than half of a 
separation at the closest point betWeen that second portion 
and the ?rst portion of the opposing node. 

13. The electrostatic discharge element of claim 12, 
Wherein a height of a ?rst portion is at least one order of 
magnitude greater than the height of its associated second 
portion. 

14. A printed circuit board, comprising: 

a signal input for coupling one or more applied signals to 
internal circuitry of the printed circuit board; 

a ground plane for coupling to a ground potential; and 

an electrostatic discharge elernent, Wherein the electro 
static discharge elernent comprises: 

a ?rst side coupled to the signal input and comprising 
a peaked portion and a substantially planar portion; 

a second side coupled to the ground plane and corn 
prising a peaked portion opposite the substantially 
planar portion of the ?rst side and a substantially 
planar portion opposite the peaked portion of the ?rst 
side; 

a ?rst spark gap betWeen the peaked portion of the ?rst 
side and the substantially planar portion of the sec 
ond side; and 

a second spark gap betWeen the peaked portion of the 
second side and the substantially planar portion of 
the ?rst side. 

15. The printed circuit board of claim 14, Wherein the 
printed circuit board further comprises rnultiple signal inputs 
and an electrostatic discharge elernent coupled to each signal 
input, and Wherein each electrostatic discharge element has 
a separate ?rst side and shares a contiguous second side. 

16. The printed circuit board of claim 14, Wherein a 
distance of separation betWeen the substantially planar por 
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tion of the ?rst side and the peaked portion of the second side 
at their point of closest contact and a distance of separation 
betWeen the substantially planar portion of the second side 
and the peaked portion of the ?rst side at their point of 
closest contact are adjusted to provide a different breakdown 
voltage for potentials of a ?rst polarity applied at the ?rst 
side than for potentials of an opposite polarity applied at the 
?rst side. 

17. The printed circuit board of claim 14, Wherein each 
substantially planar portion is approximately ?at. 

18. The printed circuit board of claim 14, Wherein a height 
of a substantially planar portion is less than approximately 
half of a distance of separation at its associated spark gap. 

19. The electrostatic discharge element of claim 18, 
Wherein a height of each peaked portion is at least ?ve times 
a height of its adjacent substantially planar portion. 

20. A printed circuit board, comprising: 

a plurality of signal inputs for coupling applied signals to 
internal circuitry of the printed circuit board; 

a ground plane for coupling to a ground potential; and 

a plurality of electrostatic discharge elernents, Wherein 
each electrostatic discharge elernent comprises: 

a ?rst node coupled to one of the signal inputs and 
comprising a substantially angular conveX portion 
adjacent a substantially planar portion; 

a second node coupled to the ground plane and corn 
prising a substantially angular conveX portion adja 
cent a substantially planar portion; 

Wherein the substantially angular conveX portion of the 
?rst node is opposite the substantially planar portion 
of the second node; and 

Wherein the substantially angular conveX portion of the 
second node is opposite the substantially planar 
portion of the ?rst node. 

21. The printed circuit board of claim 20, Wherein each 
second node is contiguous With the second nodes of other 
electrostatic discharge elements. 

22. The printed circuit board of claim 20, Wherein an apeX 
of the substantially angular conveX portion of the ?rst node 
eXtends beyond the substantially planar portion of the ?rst 
node toWard the second node and beyond a rnidline, Wherein 
an apeX of the substantially angular conveX portion of the 
second node eXtends beyond the substantially planar portion 
of the second node toWard the ?rst node and beyond the 
rnidline, and Wherein the rnidline is measured betWeen the 
apeX of the substantially angular conveX portion of the ?rst 
node and the apeX of the substantially angular conveX 
portion of the second node. 

23. A device interface, comprising: 

at least one conductor for coupling betWeen a ?rst elec 
tronic device and a second electronic device; and 

an electrostatic discharge element for each at least one 
conductor, each electrostatic discharge elernent corn 
prising a ?rst node coupled to its associated conductor 
and a second node for coupling to a ground potential; 

Wherein the ?rst node comprises a peaked portion and a 
substantially planar portion; 

Wherein the second node comprises a peaked portion 
opposite the substantially planar portion of the ?rst 
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node and a substantially planar portion opposite the 
peaked portion of the ?rst node; 

Wherein a ?rst spark gap is de?ned betWeen the peaked 
portion of the ?rst node and the substantially planar 
portion of the second node; and 

Wherein a second spark gap is de?ned betWeen the peaked 
portion of the second node and the substantially planar 
portion of the ?rst node. 

24. The device interface of claim 23, Wherein each second 
node is coupled to a ground plane for coupling to an eXternal 
ground potential. 

25. A device interface, comprising: 

at least one conductor for coupling betWeen a ?rst elec 
tronic device and a second electronic device; and 

an electrostatic discharge element for each at least one 
conductor, each electrostatic discharge elernent corn 
prising a ?rst node coupled to its associated conductor 
and a second node for coupling to a ground potential; 

Wherein the electrostatic discharge elernent ?rst node 
comprises a substantially angular conveX portion adja 
cent a substantially planar portion; 

Wherein the electrostatic discharge elernent second node 
comprises a substantially angular conveX portion adja 
cent a substantially planar portion; and 

Wherein the substantially angular conveX portion of the 
?rst node is opposite the substantially planar portion of 
the second node and the substantially angular convex 
portion of the second node is opposite the substantially 
planar portion of the ?rst node. 

26. An electrostatic discharge elernent, comprising: 

a ?rst discharge means for coupling betWeen an electro 
static discharge introduction path and a ground plane, 
for preferentially acting as a charge ernitter for a 
voltage received at the electrostatic discharge introduc 
tion path that eXceeds a ?rst threshold voltage and has 
a ?rst polarity and for preferentially acting as a charge 
receiver for a voltage received at the electrostatic 
discharge introduction path that eXceeds a second 
threshold voltage and has a second polarity opposite the 
?rst polarity; and 

a second discharge means for coupling betWeen the elec 
trostatic discharge introduction path and the ground 
plane, for preferentially acting as a charge ernitter for a 
voltage received at the electrostatic discharge introduc 
tion path that eXceeds the second threshold voltage and 
has the second polarity and for preferentially acting as 
a charge receiver for a voltage received at the electro 
static discharge introduction path that eXceeds the ?rst 
threshold voltage and has the ?rst polarity. 

27. The electrostatic discharge element of claim 26, 
Wherein the ?rst threshold voltage and the second threshold 
voltage are approximately equal in magnitude. 

28. The electrostatic discharge element of claim 26, 
Wherein the second discharge means is shared With at least 
one additional ?rst discharge means. 

29. A method of protecting an electronic component from 
an electrostatic discharge event, cornprising: 

receiving the electrostatic discharge event at a ?rst node 
of an electrostatic discharge elernent, Wherein the ?rst 
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node has a charge emitter portion and a charge receiver 
portion and Wherein the electrostatic discharge event 
produces a charge imbalance betWeen the ?rst node of 
the electrostatic discharge element and a second node 
of the electrostatic discharge elernent; 

equilibrating the charge imbalance by transferring eXcess 
charge from the charge ernitter portion of the ?rst node 
to a charge receiver portion of the second node When 
the electrostatic discharge event has a ?rst polarity; and 

equilibrating the charge imbalance by transferring eXcess 
charge from a charge ernitter portion of the second node 
to the charge receiver portion of the ?rst node When the 
electrostatic discharge event has a second polarity 
opposite the ?rst polarity. 
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30. The method of claim 29, Wherein the charge ernitter 
portions of the ?rst and second nodes are peaked portions of 
the ?rst and second nodes, respectively. 

31. The method of claim 30, Wherein the charge receiver 
portions of the ?rst and second nodes are substantially 
planar portions of the ?rst and second nodes, respectively. 

32. The method of claim 31, a distance of separation 
betWeen the substantially planar portion of the ?rst node and 
the peaked portion of the second node is approximately 
equal to a distance of separation betWeen the substantially 
planar portion of the second node and the peaked portion of 
the ?rst node. 


